LABORATORY HETERODYNE SPECTROMETERS OPERATING AT 100 AND 300 GHZ by Hermanns, Marius
6/20/2017 72st ISMS Champaign-Urbana, IL 1
LABORATORY HETERODYNE SPECTROMETERS 
OPERATING AT 100 AND 300 GHZ 
Jakob Maßen1, Nadine Wehres1, Marius Hermanns1, Frank Lewen1, Bettina 
Heyne1, Christian Endres2, Urs Graf1, Netty Honingh1, Stephan Schlemmer1
11. Physikalisches Institut, University of Cologne 2Max Planck Institute for Extraterrestrial Physics, Garching
6/20/2017 72st ISMS Champaign-Urbana, IL 2
• SIS operating at 4 K
• Frequency coverage:  270 – 390 GHz, coinciding with ALMA Band 7
• Double sideband receiver: 2 x 2.5 GHz, IF@ 6.35 ± 1.25 GHz
• 32768 (32 k) channels at once*
• frequency resolution:  76 kHz (dependent on software)*
*eXtended Fast Fourier Transform Spectrometer:  B. Klein et al. A&A 542, 2012
Experimental set-up
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Sensitivity and Allan Stability
Radiometer Formula Proof of Concept:  Methyl Cyanide, CH3CN
Dipole moment:  3.922 Debye
Rotational Constant B = 9.2 GHz
where
Dν = 76 kHz
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p = 10 µbar, Δt = 300 s, Δn = 76 kHz
*RMS = 0.05 K
*Cologne Database for Molecular Spectroscopy (CDMS), Müller et al. 2001, 2005















J = 18 à 17 J = 19 à 18
*Schilke et al. ApJSS 108, 1997
coincident with ALMA Band 7 ORION KL survey (325 –360 GHz) by P. Schilke* 















J = 18 à 17 J = 19 à 18
*Schilke et al. ApJSS 108, 1997
coincident with ALMA Band 7 ORION KL survey (325 –360 GHz) by P. Schilke* 
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Methyl Cyanide Survey
Double sideband spectrum













J = 18 à 17 J = 19 à 18
*Schilke et al. ApJSS 108, 1997
coincident with ALMA Band 7 ORION KL survey (325 –360 GHz) by P. Schilke* 
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Methyl Cyanide Survey







Redundancy of 3 (LO shift of 800 MHz for a bandwidth of 2.5 GHz SSB)
J = 18 à 17 J = 19 à 18
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Methyl Cyanide Survey







2B = 18.4 GHz
Redundancy of 3 (LO shift of 800 MHz for a bandwidth of 2.5 GHz SSB)
J = 18 à 17 J = 19 à 18
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Methyl Cyanide Survey







B = 9.2 GHz
2B = 18.4 GHz
Redundancy of 3 (LO shift of 800 MHz for a bandwidth of 2.5 GHz SSB)
J = 18 à 17 J = 19 à 18
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Detection of Isotopes 13C and 15N
Natural abundance 13C: 1.1%
Natural abundance 15N: is 0.4 %
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Detection of the deuterated isotope
tentative-detection of CH2DCN, natural abundance is 0.02% 
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Calibration of Intensities
exp 1, p = 1.3 x10-2 mbar, LO @ 336.15 GHz, 100 sec
exp 2, p = 1.23 x 10-2 mbar, LO @ 336.15 GHz, 100 sec 
exp 3, p = 1,25 x 10-2 mbar, LO shifted @ 336.40 GHz, 100 sec
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Population Diagram
T = 350 K
(320 - 380 K for individual experiments)
6/20/2017 72st ISMS Champaign-Urbana, IL 15
100 GHz Emission Spectroscopy
Corrugated horn antenna
W LNA 75 - 110 GHz:  
NF = 4, gain = + 20dB 
DSB Mixer:
IF:  6.35 +/- 1.25 GHz
Conversion Loss 0.1 -18 GHz = 9.5 dB  
AFM6 
Gain: + 10 dB
Waveguide tuneable attenuator
Attenuation:  0.4 dB – 40 dB
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• Room Temperature detector (Peltier element @ 1°C)
• Frequency coverage:  75 – 110 GHz (ALMA Band 3)
• amplification before downconversion!
• IF:  6.35 ± 1.25 GHz, frequency resolution: 76 kHz
• Active frequency multiplier x6 (output power 10 mW)
• Pressure: 1x 10-2 mbar (4 x 1018 particles)
• Tsys = 600 K, Trx = 380 K
100 GHz Emission Spectroscopy
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Comparison Allan Variance Time
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RMS = 0.02 K




Methyl Cyanide at 100 GHz 
First Light
Experimental spectrum in black
Red stick diagram from CDMS
*Belloche et al. A&A 587, 2016
Belloche et al. Science 345, 2014
coincident with ALMA Band 3 EMoCA
Survey Sgr B2 (84.1 – 114.4 GHz) 
by A. Belloche*
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Summary
@ 300 GHz
• Worldwide first Spectrometer operating at 
300 GHZ using SIS Receiver
• Frequency coverage 270 – 390 GHz
• TRX 75 - 80 K 
• Allan Stability better than 1000 s for 76 kHz 
channel width
• Frequency resolution is 76 kHz
• Sensitivity of 0.05 K for 300 s integration
times
@ 100 GHz
• Frequency coverage:  75 – 110 GHz
• Trex is around 380 K at room temperature 
• Allan Stability around 100 s 
• Sensitivity 0.25 K for 300 s  
Outlook / What’s Next ?
Spectroscopy of highly 
complex molecules
example Pyridine
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XCLASS / MAGIX Simulation*
*Schilke et al. 2001, Comito et al. 2005, Zernickel 2012,
Crockett 2014 (a,b), Neill 2014, Möller et al. 2013, 2017 
MAGIX fits
Exp. 1:  324 K
Exp. 2:  330 K
Exp. 3:  311 K
